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Introduction 

The optimal chemical conditioning and dewatering of a municipal sludge is a 
challenging task. This is due to the complex and changeable physical/chemical makeup of 
these materials. The means by which chemical conditioners interact with the colloidal 
phase in biological suspensions to facilitate the release of water is poorly understood, with 
the optimal amounts and types of conditioners required depending on a variety of factors. 
These include both aqueous and surface chemistries of the sludge, and the physical 
properties of the suspended solids, which are determined by characteristics of the original 
wastewater and by the operational parameters for the various treatment processes employed 
in the plant. Also important is the chemistry of any chemical conditioner used, and how it 
interacts with the biosolids. The success of any conditioning process will also depend on 
the specific dewatering process employed. 

Thus, the conditioning process is a multivariate problem with no simple strategy 
available for its optimization. At present, the required dosages for chemical conditioners 
must be determined empirically . With this being the case, the use of multiple chemical 
additives becomes less feasible because of the difficulty in identifying a proper dose 
combination. Nonetheless, it is possible that a combination of conditioners might enhance 
water removal, solids capture, and solids yield for some applications. 

This work investigated the combined used of an inorganic conditioner (ferric chloride) 
and an organic polyelectrolyte for the conditioning and dewatering of municipal 
anaerobically digested sludges. In the past, ferric chloride was more commonly used in 
conjunction with lime, but the current practice is generally to use cationic polymers 
(polyelectrolytes) alone. The inorganic conditioners require doses up to 20% on the dry 
solids basis and typically cannot produce the solids concentrations in dewatered biosolids 
that are attainable with much lower dosages of polymer. 

Thus, in spite of their higher unit cost, organic polymers have largely displaced 
inorganic chemicals in sludge conditioning and dewatering processes. U.S. polymer sales 
for this purpose are estimated at $130 million per year (Dentel et al, 1995). The expense 
of polymer purchase is usually the greatest single cost component in biosolids manage- 
ment, and thus represents a considerable portion of overall treatment costs. At some 
treatment facilities where polymer demand is unusually high, this expense may even exceed 
secondary treatment aeration costs. 

When polymer costs become a disproportionate financial burden, it may be worthwhile 
to ^ss&ss the use of a less expensive inorganic conditioner for at least part of the chemical 
usage. Ferric chloride is one alternative which is already provided in some facilities for 



struvite control. Its potential use in tandem with a polymer for less expensive dewatering 
was therefore of interest. 

This study was initiated by the the East Bay Municipal Utility District (EBMUD) in 
Oakland, California due to its high polymer usage in conditioning anaerobically digested 
sludge (ADS). For such applications the EPA ( 1987) indicates a usual dose range of 3-15 
lb/ton with a typical value of 6 lb/ton. The required dose at this facility was approximately 
34 lb/ton of dry solids. Previous laboratory comparisons based on capillary suction time 
(CST) had confirmed the necessity for this high dose: for example, to attain the CST 
resulting from a 15 lb/ton polymer dose to an ADS from Wilmington, Delaware, the 
EBMUD biosolids required 34 lb/ton of the same polymer. Both electrical charge and 
rheological properties of the sludges were indicated as contributing factors (Dentel et al M 
1994). 

The EBMUD sludge was shown to have a more negative zeta potential and a greater 
concentration of negative charge than the Wilmington sludge. The conditioning 
mechanisms attributed to ferric chloride include the formation of positively charged iron 
hydroxide precipitate, which can then neutralize the negatively charged sludge solids. It 
thus appeared plausible that this conditioner might be substituted for a more expensive 
polyelectrolyte in accomplishing a portion of the charge neutralization. The cationic organic 
polymer might still be needed to bridge the particles and provide some of the desired 
Theological properties. The detailed principles of inorganic chemical and organic polymer 
conditioning of sludges are available elsewhere (EPA, 1987; Gregory, 1993; Abu-Orf, 
1994). 

Objectives. In this work, we evaluated a two-stage conditioning of anaerobically 
digested sludges consisting of initial addition of ferric chloride followed by use of a 
cationic polymer. Using capillary suction time (CST) as a laboratory indicator of 
dewaterability, combined doses were to be identified that produced CST values equal to 
that obtained with polymer alone. An economic evaluation of dual conditioner use was to 
be completed to determine whether a cost reduction could be effected by partial use of the 
less expensive ferric chloride. 

It is possible to view the destabilization of colloidal material in ADS as analogous to the 
coagulation-flocculation process in water treatment, with the first chemical additive 
primarily intended for neutralization of colloidal surface charge, and the subsequent 
polymer used for bridging and strengthening of the flocculated mass. In order to ascertain 
whether charge neutralization is mechanistically important in this manner, we utilized a 
streaming current detector to observe trends in colloidal charge occurring with the use of 
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these conditioners. We also employed a cationic surfactant in place of ferric chloride as the 
initial chemical conditioner, which was expected to neutralize at least some of the negative 
charge on the initial biosolids, but with an unknown effect on dewaterability. 

Procedures 

Materials: 

In addition to the biosolids from the EBMUD facility, anaerobically digested biosolids 
were also obtained from Philadelphia's Biosolids Recycling Center for comparison 
purposes. 

Ferric chloride (formula weight 162.21) was obtained from Fisher Scientific (Malvern 
PA.) and prepared as a 5.029 percent solution for use. The cationic surfactant used as a 
conditioner was hexadecyltrimethyl ammonium bromide (HDTMA), a quaternary amine 
cationic surfactant with a formula weight of 364.5. Also obtained from Fisher, it was 
prepared and used as a 4 percent solution. 

Percol 757 was used as a representative cationic polymer. A product of Allied 
Colloids, Inc., it is supplied as a dry copolymer of acrylamide and quaternized 
dimethylaminoethylacrylate at a mole ratio of approximately 60%/40%. It was obtained 
after preparation to solution form in the full-scale facilities of the Wilmington (Delaware) 
Water Pollution Control Facility, where it is used for sludge conditioning. The solution 
was determined to have a total solids content of 0.50 percent . A syringe was used to 
dispense this solution into biosolids samples. 

A household blending mixer (Braun Multipractic) and a Phipps & Bird jar test 
apparatus with standard l"x 3 M paddles were used for mixing of sludges in the conditioning 
process. A capillary suction time (CST) instrument (Venture Innovations) was used for 
dewaterability assessments. A streaming current detector (Milton Roy model SC4200) was 
used for determination of relative colloidal charge. The pH meter used in this work was an 
Accumet® model 830 (Fisher Scientific). 

Methods: 

Conditioning of sludges was conducted using the general procedure given in the 
Guidance Manual for Selection of Polymers in Wastewater Treatment Plants fWERE 
1994). 

0 Conditioning and dewatering of sludges by Percol 757. ferric chloride, or HDTMA 
alone: A representative 500 mL volume of each sludge was placed in a 1000 mL beaker 
and rapidly mixed with the household hand mixer (Braun Multipractic) for 6-7 seconds 



after addition of the specified dose of Percol 757, ferric chloride, or HDTMA. Then using 
the jar test apparatus, rapid mixing was continued for 20 seconds at approximately 1 17 
RPM, and finally, the suspension was flocculated at approximately 28 RPM for 2 minutes. 
The suspension's pH, CST and streaming current (SC) values were then measured. All 
experimental values presented in this report are averages of at least three analyses. 

in Conditioning and dewatering of sludges hv ferr ic chloride or HDTMA followed bv 
Percol 757: The same procedure was used except that samples were rapidly mixed with the 
household blender for 5 seconds after addition of the specified dose of feme chloride or 
HDTMA, and for an additional 5 seconds following the specified dose of Percol 757. 

The above mixing conditions were selected to simulate as closely as possible the flow 
conditions (velocity gradients and mixing times) from the point of chemical addition up to 
the centrifuges at the EBMUD facility, as detailed in our previous report to EBMUD. The 
'Gt' value, calculated by summing products of velocity gradients and respective residence 
times, was between 7300 and 9500 depending on the sludge viscosity (which is dependent 
in turn on polymer dose). This range has been reported as optimal in previous studies of 
ADS conditioning (Novak 1989, 1990). 

Results and Discussion 

The characteristics of the anaerobically digested sludges used in this work are shown in 
Table 1. 



Table 1: Initial characteristics of the s ludges used in this study. 













ADS from 
EBMUD 


7.5-7.6 


2.15 


494 


-42.2 to -42.8 


ADS from 
Philadephia 


7.5-7.75 


2.46 


434 


-33.8 to -35.0 



ADS = Anaerobically digested sludge 
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A comparison of EBMUD and Philadelphia sludge total solids and pH values shows no 
major differences. The Philadelphia sample had a slightly greater TS content, by a factor of 
14%. All else being equal, the greater solids content of the Philadelphia sludge would lead 
to a 14% greater polymer demand, since required polymer dosages are generally considered 
to be proportional to solids levels. 

Figures 1 and 2 show the results of conditioning and dewatering results for both the 
EBMUD and Philadelphia sludges, when conditioned with Percol 757, ferric chloride, or 
HDTMA individually. These results once again confirm that cationic polymers are very 
effective in sludge conditioning when compared to the inorganic chemical conditioning with 
ferric chloride. Use of a cationic surfactant in sludge conditioning is unconventional, but 
its optimum dose on a mass basis was comparable to that of ferric chloride. However, this 
finding is of little practical use since HDTMA is significantly more expensive than ferric 
chloride or flocculant polymers per unit mass. Cadonic surfactants such as HDTMA are 
also used as germicides, herbicides, fabric softeners, and corrosion inhibitors (Rosen, 
1989) and thus would require evaluation with respect to other impacts as well. 

These results also show a greater conditioner requirement for the EBMUD biosolids 
than for the Philadelphia biosolids. To obtain a CST of approximately 10 seconds, the 
required Percol 757 additions for EBMUD and Philadelphia respectively were 215 and 180 
mg/L or, on a mass per mass basis, 20 and 15 lb/ton. The ferric chloride additions never 
reduced the CST to 10 seconds for either sample, but to provide a CST of 15 seconds the 
doses were 6000 and 5200 mg/L respectively (560 and 430 lb/ton). 

Reduction of a suspension's pH is expected when conditioning with ferric chloride, but 
minimal change in pH is anticipated with cationic polymer or surfactant addition. Figure 3 
shows the significant pH decreases when conditioning with ferric chloride, and confirms 
the negligible change in pH when conditioning with HDTMA. 

We also measured SC values following conditioning, as shown in Figures 4 and 5 
respectively for EBMUD and Philadelphia sludges. Comparison with Figures 1 and 2 
shows that optimal CST values were invariably attained at an SC between - 15 and -20. 
Our previous report to EBMUD also found an SC of -20 to indicate optimum dosages. 
This may be the level at which sufficient charge neutralization occurs to produce 
flocculation; since a negative offset is sometimes observed in SC readings relative to 
measured zeta potentials (Dentel, 1995), it is also possible that these values indicate true 
charge neutralization (zero zeta potential). Our comparison of SC readings with colloid 
titrations in a previous report to EBMUD supports this hypothesis. 

Although this argues for the importance of charge neutralization as a conditioning 
mechanism, quite different CST values were obtained with the best dosages for each 



conditioning chemical . For example, when sufficient HDTMA is added to the EBMUD 
sludge to give an SC of -20 (about 5000 mg/L), a CST is obtained of about 43 seconds; the 
ferric chloride dose giving this same SC leads to a much better CST of only 16 seconds, 
and the polymer dose at -20 gives a CST of 9 seconds. Thus, at equal degrees of charge 
x neutralization, other factors must also be important in determining dewaterability. 

Two doses of ferric chloride, approximately 1500 and 3000 mg/L, were selected for 
use in preconditioning of EBMUD sludge. These doses were at roughly 25% and 50% of 
the optimum dose for ferric chloride alone, and low enough to avoid significant pH change. 
In a similar manner, two doses of ferric chloride, approximately 1300 and 2500 mg/L, 
were selected for dual conditioning and dewatering of the Philadelphia sludge. In the case 
of HDTMA, doses of 1000 and 2000 mg/L were selected with reference to the results in 
Figures 1 and 2. Conditioning and CST tests were then performed varying the dose of 
Percol 757 that followed the ferric chloride or HDTMA. 

Figures 6 and 7 show the CST results after dual chemical conditioning of EBMUD and 
Philadelphia sludges respectively. Figures 8 and 9 show the SC values for the same 
experiments. Comparison of the figures shows that a streaming current reading between 
-20 and -25 corresponds to the optimal dose. Unlike the comparisons between single 
conditioning chemicals (Figures 1 and 2), the CST values attained with the conditioner 
combinations all converged to similar minima (9-10 seconds). It may be hypothesized that 
the flocculating capability of the high-molecular weight polymer is needed to attain this 
result, although the polymer, ferric chloride, or surfactant is adequate to accomplish the 
initial degree of charge neutralization. Thus, an additive such as ferric chloride or HDTMA 
can be substituted for a portion of the polymer dose while still attaining the same degree of 
dewaterability, assuming that the CST results are indicative of centrifuge performance. 
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Of course, the feasibility of such a substitution depends on the actual amounts of each 
chemical required and the corresponding costs. Tables 2 and 3 show the pounds of Percol 
757 and ferric chloride, and Percol 757 and HDTMA, required to give a CST of 10 
seconds, which is assumed to correspond to satisfactory dewaterability. Doses are not 
given for HDTMA alone because the CST was not reduced sufficiently at any dose. 



Table 2: Percol 757 and ferric chloride dose combinations required for equivalent 
dewaterability. 







Percol 757 
alone 


19.8 


0 


14.7 


0 


FeCl3 
(smaller dose) 
+ Percol 757 


13.7 
(-31%) 


140 


12.2 
(-17%) 


107 


FeCl3 
(larger dose) 
+ Percol 757 


9.3 
(-53%) 


281 


8.0 
(-46%) 


205 


FeCl3 
alone 


0 


>560 


0 


>425 



* Numbers in parentheses are changes in Percol 757 dose due to FeCl3 addition. 
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Tahle 3: Percol 757 and HDTM A dose , combinations required for equivalent 
dewaterahilitv. 







PercM 757 ! 
alone 


1 

19.8 


1 

0 


I 

14.7 


0 


HDTMA 
(lg/L) 
+ Percol 757 


18.6 
(-6%) 


93 


12.2 
(-17%) 


81 


HDTMA 
(2g/L) 
+ Percol 757 


9.3 
(-53%) 


186 


6.5 
(-56%) 


163 



* Numbers in parentheses are changes in Percol 757 dose due to HDTMA addition. 



As seen in these tables, either ferric chloride or HDTMA can reduce the Percol 757 
requirement significantly; As a rule of thumb, it appears that adding a proportion of one 
chemicaTs optimum dose reduces the requirement for the other by the same amount. For 
example, the optimum dose of ferric chloride if used alone in conditioning the EBMUD 
sludge is about 560 mg/L; adding 50% of this dose reduced the polymer requirement to 
about 50% of its optimum dose if used alone. If this rule were invariably true, it would 
always be most economical to use only one of the conditioning chemicals by itself. 
However, the CST results also indicated that sole use of ferric chloride or HDTMA did not 
provide adequate dewaterability even at the optimum dose, so combined use may be 
desirable in some instances. 

The doses in the previous tables can be converted into costs which can then be used to 
select an economical dose combination for a given dewatering performance. This has been 
done for the Percol 757 and ferric chloride dose combinations shown in Table 2, using unit 
costs of $0. 125 per lb for ferric chloride and $1.71 per lb for Percol 757. These costs 
were obtained from suppliers in the Philadelphia area and include freight costs within a 20 
mile radius of the distribution point. Table 4 shows the resulting costs per ton of 
dewatered solids, and Figure 10 shows total conditioner cost (Percol 757 plus ferric 
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chloride) as a function of the initial dose of ferric chloride. Similar calculations were not 
performed for HDTMA use since its cost ($6-$7 per pound) is prohibitive. 



Table 4: Costs of Percol 757 and ferric chloride do se combinations required for equivalent 
dewaterability. 





^''te'^- < ■ ^S/tbn of € 


lr* solids) I 








Percol 757 
alone 


33.8 


0 


25.0 


0 


FeCl3 
(smaller dose) 
+ Percol 757 


23.4 


17.5 


20.9 


13.3 


FeCl3 
(larger dose) 
+ Percol 757 


15.9 


35.1 


13.7 


25.6 



Although preconditioning with ferric chloride reduced the cationic polymer require- 
ment, these results indicate that the process was not cost effective. The same conclusion is 
likely to apply in general since the relative costs of ferric chloride and the polymer would 
have to change substantially to alter the trends shown in Figure 10. However, if the 
addition of ferric chloride to anaerobically digested biosolids is considered for other 
purposes, the anticipated reduction in polymer usage should be considered in cost 
calculations. 
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Conclusions 

Cationic polymer Percol 757, cationic surfactant HDTMA, and ferric chloride each 
brought about significant reductions in the CST of anaerobically digested sludge from two 
different sites. The polymer provided the lowest CST and required a much lower dose than 
did the other conditioners. 

The optimum dose of each conditioner occurred when the streaming current detector's 
reading was between -15 and -20. Although this degree of charge neutralization seemed 
necessary for <?ood fl occupation, it was not sufficient to guarantee a very low CST; for this, 
some amount of polymer was needed beyond the ferric chloride or HDTMA dose. The 
polymer enhanced dewaterability by some mechanism-such as bridging-that was in 
addition to charge neutralization. 

Use of dual chemical conditioners reduced the required dose of either chemical as used 
separately. Adding a proportion of one chemical's optimum dose reduced the requirement 
for the other by roughly the same amount. 

The use of ferric chloride or HDTMA as a preconditioner can reduce the polymer 
requirement, this is not a cost effective option at current prices for these additives. 
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Figure 1. CST results after conditio nin g of EBMUD sludge. 
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Figure 3. pH values after conditioning of 
EBMUD and Philadelphia sludges. 
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Figure 4. Streaming current results after 
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Figure 5. Streaming current results after 
conditioning of Philadelphia sludge. 
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Figure 7. CST results after dual chemical 
conditioning of Philadelphia sludge. 
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Figure 8. Streaming current results after dual 
chemical conditioning of EBMUD sludge. 
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FIG. 8.1 {a) Coagulation: The addition of a coagulant neutralizes 
charges, collapsing the "cloud" surrounding the colloids so they can 
agglomerate, (b) Flocculation: The bridging of the flocculant chemical 
between agglomerated colloidal particles forms large settleable floes. 



an effective size and settling rate; but even larger particles, which are not truly 
colloidal and would settle if given enough time, may require coagulation to form 
larger, faster settling floe. 

When insufficient settling time is available in a treatment plant to remove sys- 
pended solids, coagulation and flocculation may cause them to grow in size and 
settle rapidly enough to overcome the physical limitation of the plant design. 

Colloids are categorized as hydrophobic (water hating) or hydrophilic (water 
loving). Hydrophobic colloids do not react with water; most natural clays are 
hydrophobic. Hydrophilic colloids react with water; the organics causing color are 
hydrophilic. Of importance in water treatment, the hydrophiloc colloids may 



TABLE 8.1 Sedimentation of Small Particles of Silica of 2.65 Sp. Gr. 









Surface area 


Settling time, 


Typical 


mm 




(total) 


I m fall 


Gravel 


10. 


10,000 


3.14 cm 2 


1 s 


Coarse sand 


1. 


1,000 


31.4 cm 2 


10 s 


Fine sand 


0.1 


100 


314 cm 2 


125 s 


Silt 


0.01 


10 


0.314 m 2 


108 min 


Bacteria 


0.001 


1. 


3.14 m 2 


180 hr 


Colloidal matter 


0.0001 


0.1 


31.4 m 2 


755 days 



NOTE; Particles larger than 100 tim are visible to the naked eye and are considered to be settleable 
solids. In the range of 10-100 /im, they are considered to be turbid. Below 10 um they are considered 
colloidal. Particles larger than 0. 1 um are visible by light microscope; below 0.1 fim, the electron micro- 
scope is used for detection. 
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